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ft&I over ite\ui deeadci ha* orovkted extensive Mfermalten 
i fttmunogJobuBn function aftd itnjcture {]), tpplte this In* 
pii t«n poiiible only to gr os* »e-rm| to relate ma* 
net on u^th prtieuUr itructund hatiirit. 

idveifr of genetic engineering andjgene Uanifer 
Ruestiona regarding 5tnjchire-fun|tion releHoa- 
b# readily addressed— that li, sdrtuiliy any gene 
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be modified pnciitly to Utro it\d ih« novel s*g< 



b« eachanged *lth itt norm*] ctiunterfait By 
auch snjjineered genet into the app/opH*tc etlU* 
sy<t< matic altcnHoni in prcleta itructuri on pre* 
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. rearranged tainiunoglobuttai heavy f^) wd 
. T cl«»*d fron the $p6 hybridont a ttll tine pre* 
^ulln M ipectfe /« <K< hdpiefj 4^,* frinlcrtv 
(ntfirteii into the traniftf vector pjf'i-rw 
vajScu Diftfm*oyto<n« Ami ^tddom* cd) tines* The 
i md* fe/i« retailed in Ih* pn^uc [Jon of ptn. 



irjnmu ^elcbuiin production !s a sp^bjali^ed funr- 
ijf the ; B^l>mph«s^ linage, tt 1$ "ttctcd that (h« 
pro ftr 1| $f n« eaproipion ^i) few provided only 
■ imfiunocDmpetfnt cell*. For e»4mple, to pro- 
penlanieric IgM(«) t a «ll must trqnKrit*, pro* 
r^nsbtti ANA (br lU M And c ^Ulni *n| *Jk pr6vidc 
eniymei For the proper polymerivb»tion |tvd Rl^eosyl^ 
Irfchaijns. ut well ti t iuiub)e secretary a pparatui 
'eficu* y deicr ibed a *ywm for tranifcrrinj t ftirtc- 
immunfigiolbulin k light chain gene Into IflM^pfoducing 
U» (ffi, Here wc extend thit work fophow that the 
^ ^nd « chatn »mi of a defined ipec^icirv into 
acytuma mi hyoridoma cell Ifnei |esulu in the 
f^nttiunil pcMa^rlc. haplen^pejffjfie fgM(«;. 



MATERIALS AND METHODS, 

d>)] Lift-ei, XSSA^fl was originally derived (3) ftom tHf pla*^ 
jnj<^ lonu MOPCil) and lynthenxes lijCliKUf u|Uu*u 
f>, X^gS, 6K I u'ua derived from X63Ag8 ai a i ubclone that 
inhciiics neither the hfa^y (yl) nor light (ff)cKidn (4). Sim- 
i-K Spa/OAtUji) an Ig T^onprwlucing subclonk of the Spfl 
hricom^ lis ■ Spj) ii a hybrldoma making lgM{m ipecifte for 
e IrapUn 2,16-iiripitrophenyl (TNP); Criginallyjlhli cull line 
pfWucvd yl and thahi of XWAgJ «i we fflia (ht (TNP 
;etiflc) mtn( ^id < T \r ctulm {6). A jubcione of Sp6 not mik- 
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a mutt thiwfar br hereby marir^ "tdvtrtlw 
w ( th IS I S C ifiie)y id k ft<fiw:# thii fact. 



Infi the yl ehaJn itolAfod, and the 5p«* SpOOJ e«tl 
Hrm w**f derived fbm tbii yj nonjpnaducer, *ftt muUnt cell 
line Igm^O. derived from SpfeM (7j, lacb tbt gene encoding 

Gene Tn«ifeV< 1** eonatnjetlon of pSV2, M o ptamid voc- 
tor» «Jiyifl£tbe Jtn«s fcr ^ rar or w both is d<!icrtbcd 
in the teil. IV vector were trimfecled Into (h<» n"m/ £#cfc. 
wif Ala afl |tn|» K80O. To kraniftr the vedor, badeha Uarinf 
the uppropitotey ptemlda ware converts (o pmtopluts aftd fbwd 
to the iodieatea coil )in«i ai described $1 Tbe frequency of 
C4J8-raiJjUnt fcraniformant* sat Input eel) wai approximately 
f0 6 L^*^ Wa 4 14, 10-' for igm-icukd W^fer 

Analysis of!i, Aa descHbd pmvtously (T) ( Ig *w Woiyft. 
thetically labeled, In the orewnce or abKnce of tunfttmy^ 
immunopre<iplt«cd* and an^tyxed by NaDodSCL/polyfcryl. 
amid* gel elwtrophorni* vrfth o? without disulfide bond re* 
ductta), TNP binding IjM was uuyed by TNPJependtnt 
htmiulurlnauon and by TNP-Jependent enty^e. linked im- 
munoad»rb*ftt uaay (BLISA) as dewribed {i» n lie hem* 
bw of ptotem A-ooupitd «TVthrocytes and TNP<oupled 
erythrwytei were uied to ^y btd ljM- &nd TNP-ipetific 
wmplemeni activating IgM, respectively (7). 

Analyiis of UNA and DNA* Cvtopl«wii< RNA wa* Isolated 
act^ordlni to Schibler ii *L (9) and sjbjwtcd to RNa blot and* 
ysis 84 dewribed by Uomaj (10). 

Prottdurea Tor DNA e*tmction (U), nMrocofWose blyttini 
(Jfl), and rtdiolAbelinja of prob^i (13) have been described (M k 
191. Prow* ipedfle fer genes encoding immiiho^obulin eon* 
stant and viable pegloiu are detailed in the f(gur« te|ends, 

RESULTS 

Dewriprtoft of Veclon and E*preuIon Syjtemi- Thy hy* 
bndorhi cell )ine Spd iccrttei IkNKk) jpccific fof the hapl^n 
TNP. We tout previoasly deacribed thfr cloning of the TNP- 
specific h gene* deaignned T*\ (I8) t and thu eon»tmv(ioti of 
ihr wombiiiant pRTuI, u<hor» Trf ii Inwrlrd in rhf flumHI 
site uf the ve^■!o^ pSV2-n« <i 17). The Ben* clonod 
In ACH4A from Sev8J p&itially digeited OS A of Spe«!k and 
this cJon# ij designated So6*7i8. The Je^bba^-pUr (kip) 
rrtt^mfnt corn ing the vttfgbk and «omt«nl rogJom tb* 
faintd from Sp*>7|S after partial digestion witb £eoW and wai 
inserted at the ZteKltiuc! the veotorapSVi«neoandpH-T*l, 
In tlw&e /eoombinantj, designated pR^Sp^fmd pR-HL^^ re- 

Abhfpvwi^oij TV* M,^iHntt»pH«nyli EL1SA, «na> mt-iiflli^ *m- 
muni^iki^^M *aiuiv; Vbp ( ttiiobuc pii^D, SV-tfl, f imiui vtrui 40 t lb, 
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53.^2 Immunology; OcHi d d 

I spit t»cly, the Ht>^ ft£no in the unit oritnfiljon u the 
*„f #neinpFT*l-4.e., the direction of h*snicrirtih>n of t^jst 
u tVpjxj«U* the of hi iirr.i«r*. virus 40 (SV40) wty promoter 

! "Tfhc mwUnt !ine$ And IgnvlO that laH th« *TNr 
!i;rnlc And ftcnel respectively, we re originally inlated from 
iiu!*lnnei of So8 {71 We Save previously used (gwW « * re- 
jdplM cell Hnf to uuy eapretsion of the *rvl gene'flV 
jE^wrsMon of tit MT\r °f pR'Spfi wu fta»&d here to 
profit), The simultaneous production of both jit* and *tnf 
I'hijks from the doctor prVNlrv Is assayed l« XdOAjiH, the laCI- 
WotW In* ptonWtpnie parent of. the $pA hybrfdoita. In Jeter 
»-pd ? i r,«nt> M pniHLtup vector ww assayed if tho nan- 
pt Judng cell W L $pfi/0AgH and XtUtd.6U.HjRM pro- 
by the transforming it compared with Sptfft & wb- 
f Inr,^ uf the $pti hybrfdom*i ; 
. Shorten of tLVttiri-PositiYi Trflmformariti. TM reoombh 
' iiiijrUmld v«cton warinathe 1$ jtnBiilaocenti^ thebac- 
W-Ut gene tieo, Mich renders (he recipient cells rj liittnt to 
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Klb l , fliivrt** if lM pH-f p6 And pB-tf t™» plwrnidi. 1 >{t*&P* 
i, na »»' functionally re>mft|ri aT*> pM 1*1 J 



C I tp ' 1 1 S* FamKI #tu 3) If 09 iff n>prt*m W M to 
'M[dh«tioMof [f»(+rtpU«0« Lhi|g(tBM*nd lh« SVH 



... The fi and k eiew W* *hown a 
COOH-U)rmto|l QNtirtff Hgtoni t 
>mbran« I|M. Thin IktM* aw ef | 



an.,MBvnelei altenatlv 

^ il a lyqOMli ef Awmtwtjfi ttM. TO* imtj a* or ff «» 

i. Hi ti w 



joint * rf*J!i rtnornting the p6V4»nfo tnntfoffyictc 
,p7Ber|li|*r^a :! 
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the antibiotic (in To trantfrr the Ig kmi into the hy. 
hridom« wet pJum4eytDmi will. S*Hcria Ti&rborint; th» rp- 
(^mhirani plasm idi were convvned to protopJiiti »nd hsed 
with (he v«n(His ttll linn und C^j^resUtant evtls w^re le- 
locted' Depcndtnx on the c«tl tlp«, the ffTiOiney cf C4JS*r«- 
timnt colonies nngetl between 10^ ind i0"* per input hy* 
hfidem* or pt&km>cytOm« wff (we Miridb endf \fe(W*)- The 
culture suptnuUrtt of C4i9-re^startt cofonJet wu tested for 
TNP ^pecilklgM by usini either eTNF.jpocifw ELISAorby 
w^yihg ^uhf.4twn oITNP<eauplfd eiythfoeytei. In virion 
experiments between 15* Atid 7S1 of the cofonie» **ere pos- 
itive in luch teste, 

Analysti of jtt*r *f«l temp frodurtJ<w, Cotoniei that were 
po$ltfv< for TMP-iweifie IgM ^ere ctooed by limtting diluUor, 
«nd lumm^ further. 7%e tr^nsfonvitnt derived from 
the ^rNr positive cell tine fgnvlO «nd the mthp vector pR Spfl. 
maket about 25% of 1ho normal (Sp603) amount of IgM, u 
rnewure^ hy the TNtNfcpendent EUSA. THi in niferrrmt 
XRJ9U derived from the cell 1fn« X63Ak6 and the jtw > 
i^tp vector P^HLtnp, m&tn iboul 10% or the rwrmaJ amount 
or lf>M, 

To exAminaUe Miw ^ <tnp tepirttely, these ch«Jns were 
rtdfolflbeled aod vuilyiMi by NiDtfSQ^fttKmfaiirde nl 
clsctrophort^ (Fig. fl), Ue Sj^hybridome oeQ Une ttlU makei 
the « ehktn of iU plttmaoytomt parent, XUAgS (F^ 8r ta* 
i), si well u th* ipecifk) iitHr and »(«r ehairu (?if, 3, Une 
e). The XBrtU tnuis^brmint aedved from X33Ag8 hu two ad» 
ditional btntti (FIS* % tane b) f which comiirlt* with the mtnp 
wi nynt *f 5p603. The ipn-10 cells used here make »-mf but 
hive ceiied to product the « of X63A|B (Ft* i lire c). pre* 
sumahly becuuM of I reamnMement fn thtt h aerie '«« legend 
to Ffi- 5), The IRML1 trtnifcrmAnt derived from h» 
one new band that com (grate* with pmr (Ft* ^ lane d). Ai 
shown tn Fij. 3, enalytU of unreduced IfiM by NaDodSCV 
polyacrylamide gel etcwtjophoresii fndioatea that the tnna< 
fomantl milte predominant^ pentimehe IfiM [t)H*tf>l 

UNA IWuctsoni To eumine the flNAa «*prewd by the 
tnntferred Mrsr.OAd *t><r l an *t* cytoplumte RNA from the 
fnctionated by gal electnphoreab And prohed 
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I^ClWu^n? u <te*cnM (T>. SecnUd (mmunMlwulina win Imnu- 
nwrtftpluud irtth ntAlt l|M «n iMy wnplexnj «*Ut 
PPPUjin A-fephAJW CUV toa* (Pharmtclt). 1%i prfctpitaUd »j- 
tar-tai *u rrdutctf with l-(nert*pi«thifiol tuitf walvutd by aledro* 
^orMnsm ^^304/Hyaettiartidtisl Uft*lStMA|e' t 1aMb. 
XR($W; lane t. igi^O; i tRwti; ind hut*, wild-lypi hybri- 
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«« other fn.gm.nts thet frgW^ *• JL*g *"« ~ 

u*-»rtr B fi.HUii wai Uwufcrted into th* Bonproaucer 

' fe t TNP<»p«*flcheiiifllyita(T»B« !)■ 
DISCUSSION 
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\ <Uru. Tfc cfikwcity to provid* th« m*chini> (5 pre** d#- 
j (ho fictW the* ceil lines havt bef ft prtofed for yr*i* 
wuhoui o{ert iclectlon for properly. J 
We tappi tbl this lyittrt *iU be vw uscM tn deWrrmmn* 

fusion, ft) d«e. ihe u« of futtb for Aii fcurpose has been 
Unified talth* Myiis ef nthinJIy «jrtn|kutanH th« in- 
i n-ibrt w* h norm*! I«M prowling and activity 30) AI« 
i (H»u|A imp mUnti ■» uatfu) « « ltarti»» Pf n Un wlw *u. 
i tircnctiiflfon » mow rapid u4 tystemitit mHM * obtaining 
1 Al^ni hw, Thus, St ihovld 1* po»«*W« *o Idlntlfy iht Amino 
1 m-i Ji ih&l ire cHtical for wmptemffnE acilvitioj or fc rpcifptor 
» bikdlni. Slmilirly, on* can expect loMw f* feMurei th*r 
; arr nw*s$iry tor penlAmer farmatior, glycwjfttlion, »nd w- 

i Aidlhe ca« with oth*t gen^tmtfer ijr*wji *• have found 
1 thui th«vittwj«(r*nilbrminU pwdim quite dflfcnnumftuftii 
I of n and J eham, rtnging Fnm unjetertabk f Approaiitiftleiy 
niirmal bvil<. n generd. rlinew relation shid does not win 
j U-i wetA wpy number of the tranfferred iejuencw and tiw 
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< imljeJt of Ncrtwd Iwwdwtdl to, Aid ndlolibeW <q|t 
fj lUftl >m dNrfbid la toi kgerrt to lit a worn inatntd by 

' "li l; utttM* wi?i-lywe bMrnf 
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wi<h varfoih /a* and **ipecite DNA (rig, 4>, KNA 

for the >t httvy ehlin *u delected with i pro!*- from ih* C fc 4 
rttfon IV wtforminH XR19U and IJWtj; have bwdf it 
2,7 an U 4 kilo hue i flsb), whereu lh« pir| ntft! hybrtdom* 
$t>flC3 has inly m band i* &4 kb(Fig. 4/U A gnomic probe 
c*nfojninjuhe^i <nembi*»ft«*ip«fflc Mridlzed onlv to 
\ M*kh band (data aoi (k*ti),' RNAi of ATM S.4 tb hv e 
U^n Ibgndito er code the membrane ^ and le&eted ^ forms 
of i.Ke >i ehiln, iespectivety Tfi#t< Vtnftf inggeit tfia*, 
w^rett;SjWOJ makes SNA only for the * Arm, ihe.irww- 
frniwiti maki .RNAi forbonSM* wd Ko4w«r, ^* hav# 
l^«:t* uwable to d«t»Ct merobnne.lgM by it^nfng fo- 
ot ascent Mf P**fHc anlitwditfs. The hak a longer poly * 
r*|itidt cMto (f inn d«* (he ft fcrm end cwiifauefrtly cw be 
ditiingukhM tym by tli Icwvr mobile k Ne DodSO^ 
i^ily^ryl^idcJjet'elftrlfophwsjii- Tficrcfofrf we t*«min«i 
'iiiirittftulw m *«* bfMynih^fcdlwnriwMwled m 

iikvptOftfrTwe ofmnieamyrini for each tfin«fd*jmsrtt we (bund 
io^iv one wWA *nd thfs bandttmigrafedwitll the m hf*d of 
)S|Aire*u!w noi ihownj* Time obwrvnierw Jtidgftt thai either 
lihn t Mlb JlNAJta not IransUtcd o» (hit »h# ^;pwiem )i v*ry 
ilmrt-lived jft («.linnifortnintt. i 
!l t a j timi Ur ^manneT. t W B^A Wots w?r* jrldlwd with » 
i^jlw ()#rt^td from (he «tw> V tt$m Corifure d ie Sp603 « 
k'a-10,, thi ™ifisrmint ww fi»n»d fio m^U * tow 

ijimisyni or 4 l.'SU FN'A fh«t pomigrafpd mfb^ulhenlie *tsp 

/; Shrgclwi of -T«^*fefTcd DNA, To*tiA)yie t^ttrpniution 
w »Sf iMntferTcH pR-Sp€ and pR-HL w > pbmljd) In-iHe trarta- 
futmrt 'cell lintk 5amH!-d^r*itd ctll DNA m HybtWited . 

j[p)vrt<«u. tl»e t* 1 " 6 P** 0,0 * uswl ^ 9rff l $ m f* Tt " 
Sfrrtlton-»w In fhe C^4 «flft {Fit I). TV*fok i mirlmum 
If two fog'nrntjf ii txpeettd to be detwled Wth ihia prob* 
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fig, 4, Offt*rti0ti cT^th* wet ftwF ««ufiMai w eylcplujnl* 
RftA rr«m ir»Aif»m«d «v 0 fin*. Us* % XS3Arf| Utm fa, XRiftU: 
laAtj e, ly«-10; Un» 4 HU4U| a&d 8p601. Tin mi^^nou 

rt**d ihrwtfi » hariMnul t% ifw«* pi Id 10 tfiM kxftum phoiphiU 
fcuffir ftUH 61 vxJ swArrtd *6 futWftHuJoK u tocrfrd TSonu 
(10; U )Thi bl(» »u bybridix4d r(ti i *?.Jftbtl«<f pfolc ajrwpond- 
irrM 16 Lht g?on, UU pftjbt wu IkUN Iltro U>* cDNA cWn« 
pH7<Ml? ^oiw^f liy ^ AibftA) *fl*r <tJ*t S ti(vD w'!>! PiU 1 (ill, (B) A 
itmilc blot *(U hybrjiUtd w!Oi i **P-lM>«l*d prtb* tonujni&f ^ 
V-rt|1or rodtaf v^Uf n<w | S6V 8iiM Mr* wtims^ by ^mpftHMit l« 
mam hbwmtl 2iS and I8S AK A U,T 9,0 ith. rw^tivif;), 

Two riujtmervti of 6-0 ihd 16 kbp *«ri d*i«ctod In the ONA 
hf both at (h* InnifGrmanii, Tn*« correipoid 10 tK< frag, 
mrrnjtnprjucdby BomHl dlgeillQft of the (ntact pR^fipfiand 
P^-HI-tn^ plur/iidi (Fjft. 5}. Tn Add-on, bnt (XP tSUt or two 
!IP44Ut) extrt fragmenti could be detected in the DNA from 
iKtse Unci, In ptrtlltl exptriflrtend, s«jueicvj (ndlrtlfv? 
of unio W«r»te d pR*T«l plttmids havt nof been detected in the 
Inw rrp!*<g!ar weight frtction of the Hirt jupe^r«l«n»i (35) of 
iimiforiy (rinifonried igit-(4 ceiJi (re^Jt* not (hon-nj, T»Jcert 
tuge t her. *h«« reiUlti fyffi*^ f^*' the i^/iifeired *e»#i are 
fjhd^mly itfegrtied into the fhwrnoww*! DNa of fre rpclp- 
iffii w Hi. 
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TRANSACTION OF CHIMERIC IMMUNOGLOBULIN GENES INTO L1MPHOID CELLS 



TRANSFECTION OP CHIMERIC IMMUNOGLOBULIN GENES INTO LYMPHOID CELLS 



Vernon T. Oi and L.A.Herzenberg 




The objeotlve of this projeot is to transfect two chimeric immunoglobulin 
genes into a lymphoid tissue culture cell line capable of transcribing and 
translating these genes into proteins. The chimeric immunoglobulin genes will 
be constructed using standard recombinant DNA techniques and will consist of 
(1) a V-D-J gene segment coding for a dansyl hapten binding V-region and a 
Igh-b allotype constant region; and (2) a mouse V-D-J gene segment coding for 
a human cell surface antigen (e.g., Leu- 2) and a human immunoglobulin constant 
region. 



THE METHOD TO DELIVER DNA INTO THE CELL. There are currently five techniques 
being used to transfeot DNA into eukaryotic cells. All five will be examined 
as possible means to introduce active immunoglobulin genes into lymphoid 
cells. The techniques include: (1) Ca-P04 precipitation; (2) PEG 6000 fusion 
of lambda phage particles; (3) vesicle fusion; («0 protoplast fusion; and (5) 
microinjection. 

THE APPROPRIATE DELIVERY VECTOR. We have available to us suitable first 
generation SV40-pBR322 vectors to contain the recombinant immunoglobulin genes 
to be used in transfection experiments. Further development of these vectors 
also will be undertaken. 

THE APPROPRIATE CELL HOST. Since the chimeric SVH0-pBR322 vectors we are 
planning to use contain either the thymidine kinase or guanine phosphoribosyl 
transferase genes as selectable eukaryotic markers, we intend to develop 
lymphoid cell lines that lack these enzymes to use as transfeotant recipients. 
These cell lines must have the potential to express immunoglobulin genes, but 
lack the ability to produce endogenous immunoglobulin products. 



RECOMBINANT DNA. Standard recombinant DNA techniques will be used to isolate 
a DNS V-D-J gene segment from the genome of an existing hybrldoma cell line 
producing anti-DNS antibodies. Igh-b constant region genes, as well as human 
constant region sequences will be isolated similarly* Chimerio recombinant 
V-D-J-Constant region sequences will be constructed from these newly isolated 
gene segments. 



SELECTION OF TRAHSFECTED CELL LINES EXPRESSING NOVEL IMMUNOGLOBULIN GENES. 
Should all of the above be accomplished, successfully transfected cell lines 
will be seleoted by enzyme markers (TK and OPT) and with the 
fluorescence-aotivated cell 'sorter using techniques and antibody reagents 
already developed. 
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Columbia University College of Physicians and Surgeons, 
701 West 168th Street, New York, New York 10032 



TitU el Protect 

Expression of Transfected Mouse and Human-Mouse Hybrid Immunoglobulins 



Us* this specs to summarize concisely your proposed research. Outline objectives end methods. Underscore the Key words (not to exceed 10) 
in your abstract. 

^ Gene transfection has become an increasingly popular method of 
rf studying gene expression. We have recently developed methods of 

transfecting immunoglobulin genes into myeloma cell lines; these genes 
are efficiently expressed. The current experiments will define the 
j£J regions of the mouse heavy and light chain genes which are required for 
^-efficient transfection and those required for high level immunoglobulin 
A tt expression. Once these sequences are defined we will determine the 
W influence of their position in the molecule on their function. We also 
fiwill construct. novel molecules and study their expression and function. 
* In particular we will determine if hybrid molecules with the variable 
C3 region from a mouse immunoglobulin (Ig) fused to* the constant region of a 
inhuman Ig molecule can be effectively produced and-function. Secondly, we 
-^will examine the expression and function of molecules made from gene 

fragment. We will see if light chaip dimers, one light chain of which 
^2 has a heavy chain variable region can bind antigen. Such hybrid 
iy molecules have potential therapeutic value in treating human diseases 
~ such as cancer. 
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2. Aim and Method of Study: 



A* Specific Aims : 

The aim of these studies is to produce novel immunoglobulin (Ig) 

molecules by using DNA mediated transformation of myeloma cells. The 

project will proceed in several steps. 

a. Initially we will develop an optimum transfection system and 
define the regions of the mouse kappa light chain gene which are 
important for increased transformation frequencies. We will also 
investigate if other Ig genes contain sequences of similar function and 
attempt to define the mechanism leading to the increased transformation 
frequency. 

b. Secondly, we will define the regions of both heavy and light 
chain genes which are required for efficient expression. Such a 
definition is required to permit the rational assembly of novel molecules 
which will be produced at high levels. 

c. Thirdly, we will produce hybrid human-mouse Ig genes, test for 
their efficient synthesis in transfected cell lines, and assay the 
biologic activity of the novel molecules. We will also attempt to 
produce variant proteins of altered structure and function. 



B. Methods 

1. Immunoglobulin Genes To Be Used 

In the initial studies we will use the heavy and light chain genes 
from the S107 myeloma. • Genomic clones of both of these expressed genes 
have been, obtained from Dr. Matthew Scharff and are available in the 
laboratory, initial expression studies (see above) have focused on the 
S107A kappa chain gene. We will now also construct a vector containing 
the S107 heavy chain gene so that we can study its expression. To date 
three human heavy chain genes have been acquired. A VDJ segment and the 
y\ gene have been acquired from Dr. Honjo and a kappa chain gene from 
P. Leder. We will initially study the expression and function of mouse 
VL-human and mouse Vn-human Cy\ constructs. 

2. Recipient Lymphoid Cell Lines 

Our principal recipient cell line will be the mouse myeloma J558L. 
This produces a x light chain, no heavy chains and transfects very well. 
Because x and k are so different structurally we anticipate little 
competition between these molecules in assembly with heavy chain. 
However, if the x chain presents a problem we will isolate a 
non -producing variant of J558 using methodology which is routine in the 
laboratory. 



3. Sequences Necessary for Efficient Transformation , 

The S107A light chain gene is contained on a 7 Kb Bam HI fragment as 
diagrammed in Figure 2. The deletions and partial molecules shown in 
Figure 2 have already been constructed and are being assayed for their 
transfection efficiency. Using the sites shown in the figure and others 
which we identify we will further assay the gene for transfection 
enhancement. The general protocol will be to subdivide the gene into 
fractions and assay each for its influence on transformation frequency. 
In particular we will put the Bam-Bgl or Bgl-Bgl pieces from the 7Kb L 
chain fragment into the Bam site of pSV2gpt and assay for transfection 
frequency. Other small fragments will be excised, blunt ended and Eco Rl 
or Bam HI linkers put on. Bam HI linkers have already been put on all 
the Hae III pieces from the L chain gene. Each fragment will be assayed 
for its enhancement of transformation; combinations of fragments will 
also be assayed to determine either synergistic or antagonistic 
interactions. Positive fragments will be subdivided into smaller pieces 
either by cutting with additional restriction enzymes or by cutting with 
progressive exonucleases such as Bal 31. The general objective will be 
to localize to as small a region as possible active sequences. The 
nucleic acid sequence of such regions will be determined and homologies 
between active regions sought. 

Several possible mechanisms can be proposed to explain the increased 
transfection frequency: 1) replication of the plasmid as an episome; 
2) increased expression of the selectible gene, in these experiments 
XGPT, or 3) increased integration into chromosomal DNA. We will try to 
distinguish among these possibilities. 

Replication as an episome could be either transient during the early 
stages of the transfection or persistent. .Transient replication 
increases the copy number -of the plasmid within the cell and hence the 
probability of productive integration. To test for transient expression 
as an episome, 72 hours after transfection the Hirt supernatant (23) will 
be prepared from the transfected cell lines and the small molecular 
weight DNA examined by Southern (24, 25) blot after cleavage with the 
restriction endonuclease Mbo 1, and if available, Dpn I. Both Dpn I and 
Mbo 1 recognize the sequence GATC. If unmethylated this sequence is cut 
by Mbo I but not Dpn I; the sequence G me ATC is cut by Dpn I but not Mbo 
I Since the dam methyl ase of Z. coli introduces methyl groups on the 
N° position of adenine in the sequence GATC, while no eucaryotic 
enzymes do, it is possible to distinguish between DNA replicated in 
bacteria and that replicated in mammalian cells by the methylation 
pattern. To test for persistance as an episome, the Hirt supernatant 
will be isolated from stable transf ormants. Southern blot analysis will 
be done both on uncut DNA to test for the occurrence of DNA in the 
supercoil form and cut with restriction enzymes to assay for restriction 
fragments of the appropriate size. In addition, material from the Hirt 
supernatant will be used to transform bacteria. If replicating plasmids 
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are present they should be effective in transforming bacteria. If 
transformed bacteria are obtained, plasmid DNA will be isolated from them 
and the nature of the plasmid DNA determined following digestion with 
restriction endonucleases. In previous studies using these types of 
vectors, episomal replication has only been detected in Cos cells where T 
antigen is supplied in trans (26)* 

Analysis of stable transformants has already shown that the amount of 
gpt produced in those transfected with a pSV2gpt-S10721 is not 
consistently different from that produced in cells transformed using 
pSV2-gpt. However that does not exclude the possibility that increased 
transient expression of XGPT may lead to increased transformation. To 
test that possibility cytoplasmic extracts prepared from cells 48-72 
hours after transfection will be assayed for their XGPT activity (9 and 
appended reprint). In the vector which we have routinely used for 
transfection, the SV40 early promoter has been used to drive the 
bacterial XGPT gene* It is also possible to use the promoter from the 
Herpes thymidine kinase gene (appended manuscript) to drive the XGPT 
gene. We will assess if sequences effective in enhancing transfection by 
vectors using the SV40 promoter are effective with the TK promoter and if 
these sequences lead to increased transient expression of sequences off 
p the TK promoter. 

fU It is also possible that increased transformation results from an 

increased frequency of vector integration into chromosomal DNA. It is 
V s ; difficult to directly test this hypothesis. However we will do Southern 
U blot analysis following cleavage with restriction endonucleases with 6 
yi base recognition sequences of DNA isolated from transformants obtained 
4: using vectors either with or lacking the enhancing sequences. This 

analysis will give us an estimate of the number of sites of integration 
Q per transformant. If the same size restriction fragments are found in 
£5 independent transformants- it will suggest a common site of integration. 
f% To confirm this it would be necessary to clone-the integrated genes and 
Tl directly analyze- the flanking sequences. Methods to produce genomic 
% libraries using lambda phages are*, available in the laboratory. 

2 ' 4. Identificaion of Genetic Sequences Necessary for High Level 
Immunoglobulin Expression" 

Preliminary experiments have demonstrated that it is possible to 
introduce a rearranged mouse kappa light chain gene back into a mouse 
myeloma cell by DNA mediated transformation; the reintroduced light chain 
can be expressed within the myeloma cell to levels approaching that of 
the endogeneous myeloma light chain. Deletion analysis has also 
suggested that sequences within the IVS are required for efficient Ig 
expression. By cutting with Hind III we can now mix and match the 5' and 
3' deletions. We will do these experiments to precisely define the 
extent of the region necessary for expression. Once we have 
appropriately located the sequences, we will make additional Bal 31 
deletions to try and locate the sequences to within one or several 
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nucleotides. The end points of the deletion will be sequenced and 
compared to the published sequence of the IVS (14) to accurately position 
them. 

Once the IVS necessary for high level Ig production has been 
accurately identified we will do further analysis of the effects of this, 
sequence and the structural requirements for its function. We will 
determine if there is a position effect on Ig production, that is, must 
the sequence always be at the same position and in the same orientation 
in the Ig gene to exert its enhancing effect. The SV40 enhancers provide 
an example of an enhancer that functions in various positions and 
orientations. The Ig sequences which failitate Ig production will be 
placed both 5' and 3' of their normal positions in the Ig gene and 
elsewhere in the expression vector in either orientation and the level of 
Ig expression assayed. Linkers will be put on the active fragment. By 
using linkers, we will invert the sequence in its normal site, and also 
duplicate it in both its normal and inverted orientation. Random small 
insertions (21) will also be put into the active sequence to define its 
structural requirements for function. We will make constructions with 
IVS consisting only of the required sequence and enough information to 
preserve the 5* and 3' splice junctions. In addition we will determine 
if the Ig sequences increase the expression of genes being synthesized 
off non-Ig promoters. Vectors exist with the bacterial XGPT gene being 
expressed using either the SV40 or the Herpes thymidine kinase (TK) 
promoter. The Ig sequences will be placed at various positions relative 
to the SV40 and TK promoters and the synthesis of XGPT assayed both in 
transient expression experiments and in stable transformants. 

We will also test for the influence on expression of sequences 3' to 
the coding region. We have available a kappa cDNA clone with Rl ends. 
We will convert these Rl ends to BAM ends by blunt ending with SI or T4 
polymerase and adding BAMlinkers. We will then exchange the 3' Hpa 1-Bam 
fragment from the cDNA for the same fragment from the pSV2-S107-21 
vector. The resulting vector will lack sequences 3' to the mRNA. If 
this light chain is efficiently expressed we will do Bal 31 digestion 
before putting on the Bam linkers. Exchange of the Hpa-Bam fragments 
after Bal 31 digestion will delineate how much of the 3' sequence is 
required and if it is necessary to have a poly A addition site. We can 
add back a poly A site from SV40 to provide a new poly A site at a 
different position. 

The sequences 5' to the gene necessary for expression will also be 
determined. Preliminary construction will be done by cutting with Rl + 
Pvu II and Rl + partial Xba, putting on Rl linkers, reclosing and 
assaying. Bal 31 digestion can be done before putting on the linkers to 
more accurately define the required sequences. The present experiments 
will be designed merely to identify the extent of the necessary 
sequences. Fine structure mapping of the promoter sequences by such 
methods as in vitro mutagenesis and "linker scanning" (21) are beyond the 
scope of the present proposal. 



-19- 



t 



The experiments detailed about all relate to expression of the kappa 
chain gene. A similar series of experiments will be done to identify 
IVS, 5* and 3' sequences necessary for expression of the S107 H chain 
gene. For H chains we will also determine if the synthesis of a light 
chain, either specific or non-specific, is required for or facilitates 
expression. 

To assay for the synthesis of the transfected gene product cells will 
be labeled with l^C-valine, threonine, and leucine, cytoplasmic 
extracts made (27) and the Ig immunoprecipitated. Specific 
immunoprecipitable chains will be identified using SDS gels. We have 
found that the S107 kappa chain can easily be separated from the J558 
lambda chain using SDS-PO4- gels (unpublished results). In selected 
experiments 2-D gels also will be used to identify the products of 
transfected genes (7). 

The amount of the transfected product synthesized will be quantitated 
in two ways. Firstly, the ratio of the amount of synthesis of the 
endogeneous immunoglobulin light chain to the transfected light chain 
will be determined by scanning the autoradiograms of SDS gels of 
immunoprecipitates from transfected cells. If labeling is done for a 
short period of time so that neither chain is secreted or significantly 
CO degraded this method gives a good estimate of the relative rates of 
til synthesis. To quantitate the synthesis as a percentage of the total 

protein synthesis, cells will be labeled for short periods of time (3-5 
iCH minutes) with 14 C-amino acids, the total amount of TCA precipitable 
~i material synthesized determined, and the amount of TCA precipitable 
tft material which is immunoprecipitated determined. Pulse chase experiments 
will be used to determine the rate of degradation of the immunoglobulin. 
Long term (3-24 hours) labeling with l^C-valine, threonine, and 
>- leucine, immunoprecipitation and SDS gel analysis of the secreted product 
"r. (with and without reduction) will determine what product is secreted and 
^ whether it is assembled. 

S Northern blot analysis and hybridization with Ig specific 

-=* 32p._i a beled probes will be used to determine the approximate size and 

:U ' heterogeneity of any Ig specific transcripts in the cell lines. 

Formaldehyde gels and the blotting procedure of Thomas (28) is used 
routinely. In the cases where the recipient cell line synthesizes an 
immunoglobulin with the same constant region as the transfected gene, 
variable region probes will be used. 

The 5' and 3' end of the cytoplasmic transcripts and points of 
splicing of the IVS will be mapped using the SI nuclease resistance 
method of Berk and Sharp (29). In the case of the S107A gene the plasmid 
will be labeled at the Hpa I site in the constant region using T4 
polymerase and the 1.5 Kb Hpa I to BAM HI fragment used to identify the 
3' end of the transcript. Label of the Hpa I site with kinase will be 
used to position the 3' end of the IVS and label of the Kpn site within V 
with T4 polymerase will be used to locate the 5' side of the IVS. 
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Because there is an IVS between the leader sequence and V|_ and no known 
unique restriction site in the leader sequence, templates synthesized in 
M13 will be used to map the 5' end of the transcripts. Hind III linkers 
have already been attached to the Hae III fragment which contains the 
region 5' to the light chain gene and the 5' end of the variable region 
and should contain the light chain promoter region. This fragment will 
be cloned into M13, and used to synthesize message complementary probe 
for SI mapping experiments. If some transcripts originate 5' of this 
fragment, a larger fragment will be cloned into M13. SI analysis will be 
done on RNA isolated from both the transient expression experiment and 
from stable transformants. We have already used SI analysis to 
demonstrate that the 3' ends of the mRNA from transient expression and 
stable transformants with many of the vectors are identical. 

The Northern blot and SI analysis will yield information about the 
structure of steady-state cytoplasmic mRNA. To gain some information 
about nuclear RNA, it will be isolated from selected transformants and 
the size of the nuclear transcripts determined by Northern blot 
analysis. Initial blotting will be done with probes which contain the 
entire Ig gene. Region specific probes will be used to both elucidate 
the pattern of processing and to identify abnormal transcripts. A 
necessary control for these experiments will be a careful analysis of the 
nuclear RNA of the recipient cell lines to eliminate the possibility that 
they contain aberrant transcripts of Ig genes. 

5. Expression and Function of Novel Immunoglobulin Molecules 

Once we have a clear idea of the sequences necessary for efficient Ig 
production we will begin to construct novel Ig molecules and will study 
their expression and function. Combinations which we will produce 
include: 

a. [S107 kappa] + [S10T alpha] 



In these constructions both the H and L chain will be covalently linked 
into the expression vector to increase the probability of their 
cotransformation and expression. 

Combination a will demonstrate that it is feasible to establish an 
antigen binding cell line by gene transfection. Combinations b and c 
will demonstrate whether it is possible to get expression of hybrid 
molecules, and if it is possible to assemble molecules, one constant 
region of which is of murine origin, the other of which is human. 
Combination d will demonstrate if it is possible to express a molecule 
with the specificity of murine origin, but the constant region and 
effector functions of human origin. 




l»l iiu/ •* numan-i --r— j 

d. [Vh S107 + Yl human] + [V|. S107 + * human] 
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If we achieve efficient expression using the entire gene we will make 
and analyze a series using only gene fragments. Among the combinations 
which we plan are: 



b- [V|. S107 + C K mouse! + CVh S107 + Ck mouse] 



c [V[_ S107 + C< human] + C V H S107 + C K human! 

All transformants will be assayed, using the methods detailed above 
for the synthesis, assembly and secretion of Ig molecules. Transcripts 
will be analyzed both for their fidelity and quantity. 

m One of the reasons for using the S107 Vh and V|_ is that they come 

*\ from a molecule of known antigen specificity, an anti-phosphorylcholine 
*r antibody. Recombinant molecules will therefore be assayed for their 
5* ability to bind phosphorycholine (PC). This can efficiently be done by 
4 labeling the proteins by growing the cells in 14 C-VTL and then testing 
='» for binding to PC-Sepharose. The proteins binding will be analyzed on 

SDS gels following elution. Human y\ fixes complement. If recombinant 
T molecules bind antigen, their ability to fix complement will be tested. 
*~ Resistance to serum protein proteases will be tested by incubating 
% ~ biosynthetically labeled proteins in serum at 37 C for varying lengths of 
~ time, and then analyzing the 'amount of Ig which can be immuno- 
^ precipitated. Immunoprecipitated material will be run on SDS gels to 

determine its size. Serum half-life will be tested by injecting 
9 biosynthetically labeled proteins into mice and following their serum 
m decay. It would- be desirable to assess these parameters in humans, but 

such experiments are beyond the scope of this grant. 



a. [V L S107 + C< human] + C V H S107 + Tl human with 



CHi deletion] 
CH2 deletion] 
CH3 deletion] 



CH2 + CH3 deletion] 
CHi + CH2 deletion] 
CHi + CH3 deletion] 
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